An experiment was undertaken to investigate the effect of white clover inclusion in grass swards (GWc) compared with grass-only (GO) swards receiving high nitrogen fertilization and subjected to frequent and tight grazing on herbage and dairy cow productivity and enteric methane (CH 4 ) emissions. Thirty cows were allocated to graze either a GO or GWc sward (n = 15) from April 17 to October 31, 2011. Fresh herbage [16 kg of dry matter (DM)/cow] and 1 kg of concentrate/ cow were offered daily. Herbage DM intake (DMI) was estimated on 3 occasions (May, July, and September) during which 17 kg of DM/cow per day was offered (and concentrate supplementation was withdrawn). In September, an additional 5 cows were added to each sward treatment (n = 20) and individual CH 4 emissions were estimated using the sulfur hexafluoride (SF 6 ) technique. Annual clover proportion (±SE) in the GWc swards was 0.20 ± 0.011. Swards had similar pregrazing herbage mass (1,800 ± 96 kg of DM/ha) and herbage production (13,110 ± 80 kg of DM/ha). The GWc swards tended to have lower DM and NDF contents but greater CP content than GO swards, but only significant differences were observed in the last part of the grazing season. Cows had similar milk and milk solids yields (19.4 ± 0.59 and 1.49 ± 0.049 kg/d, respectively) and similar milk composition. Cows also had similar DMI in the 3 measurement periods (16.0 ± 0.70 kg DM/cow per d). Similar sward and animal performance was observed during the CH 4 estimation period, but GWc swards had 7.4% less NDF than GO swards. Cows had similar daily and per-unit-of-output CH 4 emissions (357.1 ± 13.6 g of CH 4 /cow per day, 26.3 ± 1.14 g of CH 4 /kg of milk, and 312.3 ± 11.5 g of CH 4 / kg of milk solids) but cows grazing GWc swards had 11.9% lower CH 4 emissions per unit of feed intake than cows grazing GO swards due to the numerically lower CH 4 per cow per day and a tendency for the GWc cows to have greater DMI compared with the GO cows. As a conclusion, under the conditions of this study, sward clover content in the GWc swards was not sufficient to improve overall sward herbage production and quality, or dairy cow productivity. Although GWc cows had a tendency to consume more and emitted less CH 4 per unit of feed intake than GO cows, no difference was observed in daily or per-unit-of-output CH 4 emissions.
INTRODUCTION
Temperate dairy grazing systems based on perennial ryegrass (Lolium perenne L.; PRG) swards are highly profitable (Cunningham et al., 1994; Dillon et al., 2005) . The productivity of systems based on grass-only (GO) swards relies on high and frequent N fertilizer application (Frame, 1991; Whitehead, 1995) . The European Union Nitrate Directive (Council Directive 91/676/ EEC) limits N fertilizer use in grassland to 250 kg of N/ ha per year; therefore, alternative means of increasing N supply and, therefore, herbage production, warrant investigation. Recent work examining the combination of PRG and white clover (Trifolium repens L., hereafter referred to as clover) has shown promising transgressive overyielding (Kirwan et al., 2009; Gierus et al., 2012) . Clover inclusion in PRG swards can increase overall herbage quality due to its high protein and low fiber content (Ulyatt, 1970; Thomson, 1984) . Interest in the inclusion of clover in GO swards has been renewed due to clover's ability to fix atmospheric N and potentially increase the N supply to the growing sward.
Grazing cattle have a 70% partial preference for clover compared with PRG when the 2 swards are available simultaneously (Rutter, 2006) . Clover fodder has a faster rumen passage rate compared with PRG, as the former is more easily broken down due to its lower fiber content (Beever et al., 1986; Dewhurst et al., 2003) . As a result, cows grazing mixed grass and clover swards (GWc) can potentially increase DMI and milk yield relative to GO swards (Harris et al., 1997; Phillips and James, 1998; Ribeiro Filho et al., 2003) . Those studies reported higher milk yields when cows grazed GWc swards compared with GO swards. Furthermore, previous work has shown that clover preference and DMI is affected by the clover availability and content in GWc swards (Harris et al., 1997; Rutter, 2006) .
Agriculture accounts for 13.5% of the worldwide greenhouse gas (GHG) emissions (IPCC, 2007) , and methane (CH 4 ) and nitrous oxide are the primary GHG related to the sector. The agricultural sector accounts for 29% of the worldwide CH 4 emissions (UNFCCC, 1997) and in 2010, gas from enteric CH 4 fermentation (hereafter referred to as CH 4 emissions) accounted for approximately 13.9% of total Irish GHG emissions (EEA, 2012) . In grass-based dairy production systems such as those in Ireland, CH 4 emissions account for up to 49% of the total GHG emissions (Casey and Holden, 2005) . Previous studies have reported that net CH 4 emissions can be reduced on a per-product basis if animals can be more efficient (Eckard et al., 2010; Buddle et al., 2011 ; e.g., achieving greater output for the same feed intake). Methane emissions related to gross energy intake of animals fed legumes are lower than animals fed grasses (Waghorn et al., 2006; Beauchemin et al., 2008) . However, although some work has shown that clover inclusion in pasture can reduce dairy cow CH 4 emissions (Lee et al., 2004) others have found no effects (van Dorland et al., 2007) .
Clover contribution to the grazing systems is ultimately related to its content and availability in swards. Nitrogen fertilizer can affect sward clover content through accelerated grass growth and increased grass height, which results in shading of clover and, consequently, a reduction in its growth (Frame and Newbould, 1986; Thompson, 1993; Wilman and Acuña, 1993) . Clover content reduction in GWc is usually more severe when high herbage masses are allowed to accumulate (Holmes et al., 1992; Laidlaw et al., 1992; Steen and Laidlaw, 1995) . Some studies have suggested that frequent (Harris, 1987; Harris and Clark, 1996; McKenzie et al., 2003b) and tight (Frame and Boyd, 1987; Yu et al., 2008; Phelan et al., 2013) grazing can enhance sward clover content and yield. Sward clover content varies widely throughout the grazing season (Frame and Newbould, 1986; Gilliland et al., 2009) and so it is possible that this variation could affect DMI, CH 4 emissions, and ultimately animal production from grazing livestock.
The objective of this experiment was to investigate the effect of clover inclusion in grass swards compared with GO swards receiving high N fertilization and subjected to frequent and tight grazing on herbage production, CH 4 emissions, and dairy cow productivity. It was expected that GWc swards receiving high N fertilizer input and subjected to frequent and tight grazing would (1) attain sufficient clover content to improve herbage production and quality compared with GO swards and, therefore, (2) increase dairy cow productivity, and (3) reduce CH 4 emission.
MATERIALS AND METHODS
The experiments were undertaken at the Dairygold Research Farm (Teagasc, Animal and Grassland Research and Innovation Centre, Moorepark, Fermoy, Co. Cork, Ireland; 52°09 N; 8°16 W). Three 2-ha paddocks were divided (approximately 1 ha each, hereafter referred to as base paddocks) according to a randomized block design and sown with 2 sward treatments of GO and GWc in May 2010. The GO sward was a 50:50 mixture of AstonEnergy (tetraploid) and Tyrella (diploid) PRG cultivars sown at a rate of 37 kg/ha. The GWc sward contained the same PRG mixture as the GO sward and a 50:50 medium leaf clover mixture of Chieftain and Crusader cultivars sown at a rate of 5 kg/ha. Swards received 260 kg of N/ha evenly applied after each grazing rotation between March and mid September as 60 kg of N/ha of urea (46% N) applied until April and 200 kg of N/ha of calcium ammonium nitrate (27% N) thereafter. Swards were grazed once in late February, before the start of the experiment.
Animals and Grazing Management
In April 2011, 30 spring-calving dairy cows were balanced by breed (Holstein-Friesian, Norwegian Red, and Norwegian Red × Holstein-Friesian), calving date [February 19 (SD = 19.7 d) ], lactation number [3.7 (SD =1.44)], milk yield [29.6 kg (SD = 3.90)], and milk solids (MS) production [2.2 kg (SD = 0.25)] using data available for the 3 wk before the start of the experiment. Cows (n = 30) were randomly assigned to 2 herds (n = 15), which rotationally grazed either the GO or GWc sward treatments between April 17 and October 31, 2011. Cows occasionally grazed an identical reserve of GO and GWc paddocks when a shortage of herbage in the base paddocks occurred. Cows received a herbage allowance (HA) of 16 kg of DM/cow per day (4 cm above ground level) and an individual allocation of 1 kg of concentrate/cow per day (CP = 154.1, NDF = 40.9, and ash = 102.8 g/kg of DM). Paddocks were strip grazed within rotation, with fresh herbage offered daily following morning milking, after the target postgrazing sward height (PostGSH) of 4 cm above ground level (hereafter referred to as tight grazing) was attained. Temporary electric fences were used to determine the daily area offered to be grazed, based on the HA and the pregrazing herbage mass estimation (see below). Variation in HA was corrected by the PostGSH (i.e., if a PostGSH greater than 4 cm was measured, cows grazed the same area until the target 4 cm PostGSH was attained). Cows had ad libitum access to water.
Sward Measurements
Pre-and Postgrazing Sward Heights and Defoliation Depth. Pregrazing sward height (PreGSH) above ground level was recorded daily in each treatment by taking at least 50 measurements in a W shape across the strip area about to be grazed using a rising plate meter (Jenquip Ltd., Feilding, New Zealand). Following grazing, a similar procedure was carried out to determine PostGSH above ground level. Defoliation depth was calculated by subtracting PostGSH from the PreGSH.
Sward Clover Content. The GWc sward clover content on a proportion of DM yield basis (hereafter referred to as clover content) was estimated twice per week by removing a composite herbage sample (approximately 70 g) above 4 cm to simulate the target PostGSH, using hand shears (Accu 60; Gardena International GmbH, Ulm, Germany). Herbage samples were selected from at least 10 random locations within the area about to be grazed. Samples were separated into grass and clover fractions, dried at 90°C for 15 h, and weighed to determine the sward clover's DM content. Clover production (kg of DM/ha) was calculated from the clover content and the respective pregrazing herbage mass.
Herbage Mass and Sward Density. Pregrazing herbage mass 4 cm above ground level was estimated 2 times per week by harvesting 3 strips of known length (approximately 10 m) and width (1.2 m) in the area about to be grazed in each treatment, using a rotary mower (Etesia UK Ltd., Warwick, UK). Harvested herbage was collected, weighed, and subsampled. A subsample of each harvested strip (0.1 kg) was dried at 90°C for 15 h and weighed to obtain herbage DM content. A composite sample of the 3 harvested strips in each treatment (approximately 0.05 kg) was dried at 40°C for 48 h, milled through a 2-mm screen, and stored for chemical analysis.
Ten herbage heights were recorded before and after harvesting each strip using the rising plate meter described earlier to determine sward density (kg of DM/ cm per hectare) using the following equation:
Sward density (>4 cm; kg of DM/cm per hectare) herbage ma = s ss (kg of DM/ha) pre-height post-height (cm) − .
Total herbage production (kg of DM/ha) for each base paddock was calculated as the sum of pregrazing herbage mass in each rotation.
Herbage Chemical Analysis. Samples of the harvested herbage were analyzed by wet chemistry for OM digestibility (OMD), CP, NDF, ADF, and ash contents. The OMD was estimated using the in vitro neutral detergent cellulase method (Fibertec Systems; Foss Ireland Ltd., Ballymount, Dublin, Ireland) described by Tilley and Terry (1963) . Nitrogen content was determined using a N analyzer (FP-428; Leco Australia Pty Ltd., Castle Hill, New South Wales, Australia), based on the Association of Official Analytical Chemists method (AOAC, 1990; method 990-03) . Crude protein content was determined by multiplying N content by 6.25. The NDF and ADF contents were determined using a fiber analyzer (Ankom Technology, Macedon, NY), based on the method described by Van Soest et al. (1991) . Amylase and a sodium sulfite solution were used in the NDF and ADF content determination process. The NDF and ADF values do not include ash values. Ash content was estimated by placing a subsample in a muffle furnace at 500°C for 12 h.
Milk Production and Composition, BCS, and BW Measurements
Milking took place at 0730 and 1530 h daily. Individual cow milk yield (kg) was recorded at each morning and evening milking on a daily basis (Dairymaster, Causeway, Co. Kerry, Ireland). Milk composition (fat, protein, and lactose) was determined weekly via analysis of a representative milk sample collected during successive evening (Monday) and morning (Tuesday) milkings. Milk composition was determined via near infrared spectroscopy using a MilkoScan 203 (DK3400; Foss Electric A/S, Hillerød, Denmark). Milk solids yield (kg) was calculated as the yield of milk fat plus the yield of milk protein.
Body condition score was estimated by an experienced independent observer using a 0 to 5 scale (0 = emaciated and 5 = extremely fat; Lowman et al., 1976) at the beginning and at the end of the experiment. Body weight was recorded on 5 occasions during the experiment (in wk 1, 6, 15, 18, and 22) following morning milking, using a portable weighing scale and the Winweigh software package (Tru-test Ltd., Auckland, New Zealand). The change in BCS and BW was calculated as the difference between the first (wk 1) and the last measurements (wk 22).
Herbage DMI Measurement
Individual herbage DMI (n = 30) was estimated during three 1-wk periods in May, July, and September 1403 using the n-alkane technique (Mayes et al., 1986) , as modified by Dillon (1993) . Intake estimation was carried out on the base paddocks only. Three days before the sample collection phase, the concentrate supply was withdrawn and cows received an HA of 17 kg of DM/cow per day. Cows were dosed twice daily for 12 consecutive days after each milking with paper pellets (Carl Roth GmbH, Karlsruhe, Germany) containing 375 mg of dotriacontane (C 32 alkane). From d 7 to 12 of the dosing period, a fecal sample was collected from each cow twice daily before morning and evening milking, either in the paddock during the hour before milking by observing the cows and collecting the sample when voided, or by rectal grab sampling after milking. Fecal samples were stored at −17°C until the end of the collection period. Fecal samples from each cow were thawed and bulked together (12 g from each sample), dried at 60°C for 48 h, milled through a 1-mm screen, and analyzed for alkane content. Two herbage samples of approximately 10 individual herbage snips were manually collected daily with the hand shears described earlier to mimic the grazing defoliation pattern observed on previously grazed swards. The samples of herbage offered were stored at −17°C. The frozen herbage samples were bowl-chopped (Type MKT 204 Special; Müller, Saarbrücken, Germany), freeze-dried, milled through a 1-mm screen, and analyzed for alkane content. The herbage DMI was estimated using the following equation (Mayes et al., 1986) :
where H is the alkane concentration of the herbage (mg/kg of DM), F is the alkane concentration of feces (mg/kg of DM), i is the natural or internal marker alkane with odd number of carbon atoms (C 33 ), j is the synthetic or external marker alkane with even number of carbon atoms (C 32 ), and Dj is the daily dose C 32 (mg/d) alkane.
Enteric Methane Emissions Estimations
During the September DMI estimation period, an additional 10 cows (balanced for the same traits used for the main herds) were randomly assigned to each of the 2 herds (n = 20) to improve the power of the estimations. Dry matter intake was also estimated on these cows as described above. Individual CH 4 emissions for all cows (n = 40) were determined using the calibrated sulfur hexafluoride (SF 6 ) tracer gas technique developed by Zimmerman (1993) , with modifications for grazing dairy cattle (Deighton et al., 2013) . Permeation tubes containing approximately 2.5 g of SF 6 were manufactured following the method of Deighton et al. (2013) , balanced by permeation rate [10.0 mg/d (SD = 1.38)] and randomly assigned to the cows within each treatment group. Each cow was orally dosed using a single permeation tube 9 d before collection of gas samples commenced.
Each cow was fitted with a padded canvas saddle and a head collar 3 d before the sample collection period. The saddles, described by Deighton et al. (2013) , enabled a single 2.14-L gas collection canister to be fitted to the back of each cow. Canisters with an initial vacuum of 90 kPa below atmospheric pressure drew air from a point near each cows nostrils to collect a representative sample of expired and eructated gases. An identical canister was placed beside each grazed area to collect atmospheric CH 4 and SF 6 . The rate of gas collection was determined to be approximately 0.6 mL/min using a digital flow meter (Cole-Parmer Instrument Co., Vernon Hills, IL). Gas samples were collected continuously for 6 d (September 11 to 16) by replacing canisters after morning milking each day. Concentrations of SF 6 and CH 4 within collected samples were determined using gas chromatography as described by Johnson et al. (2007) , using a Varian 3800 gas chromatograph (Varian Inc., Palo Alto, CA). Daily CH 4 emissions of each cow were calculated using Equation 2 of Williams et al. (2011) . Daily milk production, weekly milk components analysis, MS production, BW, and DMI data collected for each cow during the period of gas sample collection were correlated with CH 4 emissions.
Statistical Analysis
Statistical analyses were carried out using repeated measures with PROC MIXED of SAS 9.1.3 software (SAS Institute, 2003) . Data are presented as least squares means ± standard error. Interactions and the covariates were checked independently for every variable and were removed from the model if they had a P-value >0.3.
Herbage data were analyzed, including the sward type, the rotation, and sward type and rotation interaction in the model, with paddock as the experimental unit, block as a random factor, and the rotation as a repeated measure.
Animal measurements were analyzed using individual cows as the experimental unit. Although previous work has found that cows show synchronized grazing behavior activities within the herd (Rook and Huckle, 1995) , no evidence exists that the production of isolated animals and groups are different. Additionally, the synchronization of grazing behavior does not imply that the behavior of individual cows is interdependent, as their behavior may be affected by external factors that influence all animals equally (i.e., environmental and husbandry influences; Phillips, 1998) . Days in milk at the beginning of the experiment, the 3-wk preexperimental average data for milk yield and milk composition, and preexperimental BW data were included as covariates. These variables were analyzed using the following model:
where Y ijkl is the response of the ith cow in the kth sward at the lth week, μ is the mean, C i (S k ) the random effect of the cow within sward type, P j is the parity (j = 2 to 6), S k is the sward type (k = GO or GWC), wk l is the week of the experiment (1 to 28), P j × S k is the interaction of P j and S k , wk l × S k is the interaction of wk l and S k , b 1 X ijk is the respective preexperimental variable, b 2 DIM ijk is the DIM at the start of the experiment, and e ijkl is the residual error term. Week was used as the repeated measure. Herbage DMI estimations were analyzed using a similar model to that described above, with the estimation period (May, July, or September) as the repeated measure.
Methane emissions were averaged to obtain a single value per cow (n = 40) and data were analyzed as 20 individual measurements per treatment. Overall, the anticipated collection of 240 individual gas samples was 79% successful. Samples were lost due to sampling tube blockages, broken collection tubes, and occasional dismounting of saddles during the 6-d sampling period. This resulted in the exclusion of 2 GWc cows and 1 GO cow from the analysis, as less than 3 usable samples were available for these animals. Animal-related variables during the CH 4 estimation period were analyzed, including treatment, parity, and the treatment × parity interaction as fixed effects; DIM as a covariate; and cow nested within treatment as random effect.
RESULTS
The main climatic data during the experimental period is presented in Table 1 . Total rainfall was 22% lower than the average observed during the previous 10 yr (442 and 567 mm, respectively) and 33% lower in the January to March period before the start of the experiment. Mean daily temperature during the months of the experiment were similar to the 10-yr average, excluding April when the temperatures were 20% higher than the 10-yr average.
Sward Measurements
The effect of sward type on sward measurements and herbage chemical composition is shown in Table  2 . An effect was observed of rotation (P < 0.05) on all sward measurements and chemical composition fractions. The sward type and rotation interaction (P < 0.05) influenced pregrazing herbage mass. Pregrazing herbage mass was higher (P < 0.05) for GO swards in the third rotation, and in the fifth and seventh, it was numerically lower than for GWc swards. No effect (P > 0.1) was observed of sward type on the rest of the sward measurements undertaken (Table 2) . Total herbage production from the base paddocks was also similar for both treatments (13,110 ± 80 kg of DM/ha). Grass clover swards tended (P = 0.1) to have a lower DM proportion and lower NDF (P < 0.06) and greater CP contents (P = 0.1) than GO swards.
The average GWc sward clover content was 0.20 ± 0.023. Clover DM production in the GWc swards averaged 340 ± 30 kg of DM/ha (Figure 1 ) in each grazing rotation. An effect was observed of rotation (P < 0.05; Figure 1 ) on both variables as, in general terms, sward clover content and clover production increased as the experiment progressed. The greatest sward clover content was observed in the eighth rotation, in October (0.26 ± 0.022), and the greatest clover DM yield was measured in the seventh rotation, in September (546 ± 53.92 kg of DM/ha).
Milk Production and Composition, BCS, and BW
The effect of sward type on milk yield, milk composition, BW, and BCS of spring-calving dairy cows during the experimental period (April 17 to October 31, 2011) is shown in Table 3 . No effect (P > 0.05) was observed of sward type on milk and MS yields or the milk composition variables measured, the cumulative milk yield (3,804 ± 124.11 kg/cow), or the cumulative MS yield (292.5 ± 9.64 kg/cow). Daily milk yield and daily MS yield decreased as the experiment progressed ( Figure  2 ). The sward type × time interaction influenced (P < 0.001) all milk variables. Across measurement weeks, milk yield was similar for both treatments until wk 17 of the experiment and afterward it was slightly higher for GWc cows than for GO cows (Figure 2 ). Milk solids yield was slightly higher for GO cows than GWc cows in wk 9, 10, and 16 ( Figure 2 ). Milk fat content was higher for the GO treatment than for the GWc treatment between wk 8 and 11 (P < 0.05) of the experiment, but no other clear trends were observed apart from this period. Cows grazing GWc swards were, on average, 19 kg lighter (P < 0.05) than cows grazing GO swards during the experiment (Table 3) ; however, no effect of sward type on BW change was observed between the 2 groups of cows. No differences in mean BCS or BCS change were observed between cows on the different sward types. No significant difference was observed in DMI between sward treatments within the intake estimation period (May: 16.1 ± 0.70 kg of DM/cow per day; July: 15.7 ± 0.70 kg of DM/cow per day; September 16.3 ± 0.70 kg of DM/cow per day).
Enteric Methane Emissions
The effect of sward type on sward measurements and herbage chemical composition, animal measurements, and CH 4 emissions during the week of the CH 4 emissions estimation is shown in Table 4 . The GWc swards had 7.4% lower NDF than GO swards (P < 0.01); no significant differences existed between treatments for any of the other sward measurements. During the week of the CH 4 emissions estimation period, the clover content of the GWc sward was 0.24 ± 0.031. Cows grazing GWc swards had 7.8% greater (P < 0.05) milk fat content and 11.9% less (P < 0.05) g of CH 4 /kg of DMI than cows grazing GO swards. The GWc cows also tended (P = 0.07) to have greater DMI than the GO cows.
DISCUSSION

Sward Measurements
Within this experiment, the annual average clover content of the GWc swards was relatively low (0.20), especially during the first 4 rotations (average 0.15). Greater rates of spring growth and response to N fertilizer application favor the competitive ability of grass Body condition score was on a scale of 1 to 5 (1 = emaciated and 5 = extremely fat, using 0.25 increments). *P < 0.05; ***P < 0.001.
over clover within GWc swards (Frame and Newbould, 1986; Ledgard et al., 1995; Andrews et al., 2007) . Frequent harvesting of the additional grass growth resulting from the fertilizer N minimizes shading and, to some extent, suppresses grass growth to the benefit of clover (Harris and Clark, 1996; Ledgard et al., 2001) . The frequent grazing (8 rotations between April and October) implemented in this experiment resulted in relatively low pregrazing herbage mass, especially in the first 3 rotations, minimizing this shading effect. However, high herbage mass accumulation (>2,000 kg of DM/ha) was necessary in the fourth and seventh rotations to ensure that the DMI and CH 4 estimates could be undertaken in the base paddocks, which were directly comparable in terms of sward age and sown cultivars. The positive effect of low herbage mass accumulation during the spring on clover content has been previously reported (Holmes et al., 1992; Laidlaw et al., 1992; McKenzie et al., 2003b) . Additionally, the tight grazing strategy (to approximately 4-cm PostGSH) used in this experiment provided ideal conditions for light penetration to the base of the sward. Clover content in the GWc sward was relatively low compared with reports of other studies that used low (<100 kg of N/ha) N application (Bryant et al., 1982; Schils et al., 2000b; Humphreys et al., 2008) . However, compared with studies that used a similar application of N fertilizer (Ledgard et al., 2001; McKenzie et al., 2003b; Humphreys et al., 2008) , in the current study the clover content in the GWc sward was greater. The current experiment only evaluated the second year growth of the swards, so it is possible that the tight and frequent grazing management strategy used here could enhance sward clover content in subsequent grazing seasons. In a study with different N application rates, de Vliegher (2010) found an overall increase of 0.08 in clover content of mixed swards from the second to the third year of sward establishment. In New Zealand, Harris and Clark (1996) found that GWc swards receiving either 200 or 400 kg of N/ha produced 23 and 37% more herbage, respectively, than GWc swards receiving no N. Those authors concluded that relatively high sward clover content could be maintained at high N fertilizer application when frequent grazing is applied. In the current experiment, both swards had similar total herbage production and pregrazing herbage mass. It has been reported that a sward clover content of 0.30 is necessary to attain a balance between grass and clover components and maximize feed value in terms of quality and quantity (Harris and Thomas, 1973) . Thus, the relatively low clover content measured in the GWc swards in the current experiment is the most likely reason for the absence of the synergistic effect in terms of herbage production. On the other hand, no negative effect was observed of clover on pregrazing herbage mass. Previous work (Leach et al., 2000; Schils et al., 2000b; Ribeiro Filho et al., 2003) has reported lower pregrazing herbage mass on GWc swards with high clover content values (>0.29) compared with GO receiving N fertilizer; however, the difference between the treatments in those experiments might be related to the low N (<70 kg of N/ha per year) application that the GWc swards received.
Defoliation depth was similar for both treatments as a result of minimal differences in PreGSH and PostGSH. These responses in herbage utilization were expected, as the cows had a limited HA. However, a lower density was expected in the GWc swards due to the more accentuated differences in terms of lower content of structural components present in clover compared with PRG (Ulyatt, 1970; Steg et al., 1994; Dewhurst et al., 2003) .
Herbage Chemical Composition
In general terms, the herbage grown in both treatments was of high quality. Clover inclusion did not increase OMD compared with the herbage of the GO swards. This may have been due to the low clover content and the high N fertilizer application, which resulted in highly digestible herbage in both swards (Whitehead, 1995) . Clover has higher digestibility than PRG (Ulyatt, 1970; Thomson, 1984) , and at an inclusion rate of around 0.20 in GO swards, it would have been expected to enhance the overall herbage digestibility. Previous studies have shown that GWc swards have superior digestibility compared with GO swards (Leach et al., 2000; Schils et al., 2000b; Ribeiro Filho et al., 2003) at low N input levels. In contrast, previous experiments undertaken in Ireland have reported no differences in OMD in fertilized swards (up to 400 kg of N/ha) with low clover content compared with swards containing up to 0.24 clover content receiving low N input (90 kg of N/ha; Humphreys et al., 2008 Humphreys et al., , 2009 . Previous work has shown that N fertilizer application to GWc swards increases pasture CP content and reduces NDF content (McKenzie et al., 2003a; Humphreys et al., 2009) . Despite the high N fertilizer levels applied in the current experiment, the presence of clover tended to increase CP content by 4% and tended to decrease NDF content by 3% in the GWc herbage compared with the GO herbage. These effects were more evident from August onwards (except for CP in September; Table  2 ), when the sward clover content was high. Similarly, higher CP content values have been observed for GWc swards receiving no N fertilizer (Ribeiro Filho et al., 2003) or small amounts of N fertilizer (70 kg of N/ ha per year; Schils et al., 2000b) than for N-fertilized grass swards. Humphreys et al. (2009) found higher CP content in herbage samples from grass swards receiving 226 kg of N/ha per year than from GWc swards receiving 90 kg of N/ha per year. Lower NDF values for GWc swards compared with GO swards are commonly reported (Harris et al., 1998; Ribeiro Filho et al., 2003) .
Milk Production and Composition, BCS, and BW
Similar to our findings, previous studies comparing milk production for the full season (Schils et al., 2000b; Humphreys et al., 2008) or for a short period of time (Phillips et al., 2000) did not find differences in milk yield between cows grazing either sward type. Some studies have reported lower milk yields (Leach et al., 2000; Ribeiro Filho et al., 2005) for cows grazing GWc swards compared with GO swards, whereas others reported opposite results (Harris et al., 1997; Phillips and James, 1998; Ribeiro Filho et al., 2003) . The underlying factor in these different responses is that increased milk production from GWc swards compared with GO swards has been related to the increase in herbage DMI that the former promotes, rather than to the enhanced herbage quality generally attributed to GWc swards (Harris et al., 1997; Harris et al., 1998; Ribeiro Filho et al., 2003) . Higher herbage DMI and milk yields are only possible when more herbage is offered to the GWc cows compared with the GO cows or where both groups have ad libitum herbage offer. In the current experiment, cows on both treatments had similar herbage intakes during the entire experiment as HA was restricted (to 16 and 17 kg of DM/cow per day during the grazing season and during the herbage intake estimation periods, respectively) and cows depleted most of the herbage available.
The similar milk fat content observed throughout the entire season in this experiment is likely related to the low clover content of the GWc swards. Usually clover presence in the sward can decrease milk fat content (Thomson et al., 1985; Harris et al., 1997; Phillips and James, 1998) due to its faster rumen passage rate compared with grass (Beever et al., 1986; Steg et al., 1994) . However, similar milk fat content from cows grazing GO and GWc swards with clover content between 0.22 and 0.42 has previously been reported (Leach et al., 2000; Phillips et al., 2000; Ribeiro Filho et al., 2005) .
The similar milk protein content values observed for both treatments in this experiment can be attributed to the fact that both swards exceeded CP requirements for dairy cows (15 to 18%; NRC, 2001; Pacheco and Waghorn, 2008) and is likely that this excess led to an underutilization of the N available in both systems, probably resulting in high N excretion (Ulyatt et al., 1988; van Dorland et al., 2007) . Similar to our results, many grazing studies have found no effect of sward type on milk protein content (Phillips and James, 1998; Leach et al., 2000; Schils et al., 2000a) .
Although no significant change occurred in BW between the start and end of the experiment for either treatment, the cows grazing GO swards were, on average, 19 kg heavier than those grazing GWc swards. It is unclear why this difference occurred. Other studies have found no effect of sward type on BW (Ribeiro Filho et al., 2003; Humphreys et al., 2008) .
Enteric Methane Emissions
The per-cow CH 4 emissions and the CH 4 emissions per unit of feed intake estimated in this experiment are within the range of values reported for dairy cows offered comparable fresh forages (Ulyatt et al., 2002; Lee et al., 2004) and silages (van Dorland et al., 2007) . The similar daily CH 4 emissions between the 2 treatments contrast with previous indoor studies that found lower CH 4 emission per cow when animals were offered GO compared with when cows were offered GWc mixtures with different clover contents ranging from 0.15 to 0.6 (Lee et al., 2004) . However, the results agree with van Dorland et al. (2007) , who reported no difference in percow CH 4 emissions between cows fed GO and GWc (0.4 clover content) silages. Similar to our findings, previous studies have not found differences in the milk-related CH 4 emission variables between similar fresh forages (Lee et al., 2004) or silage diets (van Dorland et al., 2007) . In the current experiment, cows grazing GWc swards had slightly greater DMI than the GO cows, yet GWc cows produced 11.9% less CH 4 /kg of DMI (CH 4 yield) than the GO cows, which is greater than the 9.6% difference between sward types reported by Lee et al. (2004) . Lee et al. (2004) found greater differences in CH 4 per unit of feed intake between the 2 groups when the clover content of the GWc diet was increased. The lower CH 4 emissions per unit of feed intake for the GWc cows compared with the GO cows can be attributed to 2 factors: (1) the digestibility characteristics that clover confer on the pasture and differences between clover and grass during the digestion process (clover has lower fiber content, higher in vitro digestibility, and faster rumen passage rate; Moe and Tyrrell, 1979; PinaresPatiño et al., 2003; Beauchemin et al., 2008) , greater VFA content, and the lower ratio of acetic:propionic FA that the clover fermentation process produces compared with PRG (Beever et al., 1986; Purcell et al., 2012) ; and (2) the increased DMI (Moe and Tyrrell, 1979; Ulyatt et al., 2002; Pinares-Patino et al., 2009 ) that the legumes can promote when added to GO pasture. Effectively, the CH 4 per unit of feed intake difference observed in this experiment was a product of the numerically lower CH 4 emissions per cow and the tendency for greater DMI that the GWc cows had compared with the GO cows. The slight difference in DMI estimations observed between the groups might be related to differences in sward structure between the 2 sward types or discrepancies in the alkane content between the collected herbage samples and the actual grazed herbage. Both groups of cows were offered similar HA (4 cm above ground level) and had similar PostGSH; however, differences still could have existed in herbage availability. In the future, it would be recommended that all herbage measurements, both pre-and postgrazing, should be made to ground level. The importance of a representative sample of the actual grazed herbage in determining DMI through the n-alkane technique has been previously stated (Dove and Mayes, 1991; Dillon, 1993) and it is likely that the cows fed GWc selected for a greater clover content in their diet compared with that measured in the offered herbage (Rutter, 2006) . The use of esophageal-fistulated animals might be more appropriate to overcome this issue, as a more representative sample of the actual herbage selected by cows while at grazing could be obtained. Seasonal variation in CH 4 emissions of dairy cows has been reported previously (Ulyatt et al., 2002) , with the highest values observed at peak lactation and then decreasing as lactation progressed. In the current experiment, CH 4 emissions were only measured in late lactation (autumn), when the clover content was highest (0.24) and greater differences between species chemical composition and nutritional value was expected; hence, some caution is required in the overall interpretation of these results. Contrasting results found in the literature between GO and GWc, or even clover-only diets, denote that a more complex interaction of factors (secondary compounds, maturity, and environmental factors, among others) are involved in the CH 4 emissions process and warrant further investigation.
Although CH 4 yields from cows were slightly reduced by clover inclusion, it is likely that this benefit in terms of overall GHG emissions might be outweighed by the greater N 2 O emissions derived from the increased urinary N output that may occur due to the excess CP content of herbage. Additionally, the high N fertilizer application used might have further increased soil N emissions from the system (Ledgard et al., 1999) .
CONCLUSIONS
The sward clover content attained in the GWc swards receiving high N fertilizer input and subjected to frequent and tight grazing was 0.20. Contrary to our expectations, this rate of inclusion was not sufficient to improve GWc sward herbage production and quality compared with GO swards and so hypothesis 1 is rejected. However, the GWc sward had better quality than the GO sward in the last 3 rotations, when sward clover content was greatest. Similarly, hypothesis 2 is rejected, as no improvement in dairy cow productivity was observed. Although cows in late lactation had a tendency to consume more and emitted less CH 4 per unit of feed intake when grazing GWc compared with GO swards, hypothesis (3) is rejected, as no difference existed in daily CH 4 emissions or per unit of output, as no overall improvement was observed in milk yield or reduction in absolute CH 4 emission. It is important to evaluate the long-term effect of frequent and tight grazing management of GWc swards receiving high N fertilizer input on the clover component and its effects on herbage and animal productivity.
